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7) ABSTRACT

A data signal having a single polarity is outputted from a
data driver of an in-plane switching type liquid-crystal
display unit. In a unit pixel, an input transistor and an
exhaust transistor T2 are connected to one electrode of a
liquid-crystal element I.C, and an input transistor and an
exhaust transistor are connected to the other electrode. One
input transistor and one exhaust transistor connected to the
same scanning line are paired, and another input transistor
and another exhaust transistor connected to another same
scanning line are paired. Those paired transistors are alter-
nately driven, thereby being capable of inverting the poten-
tial between electrodes of the liquid-crystal element even
when the polarity of the data signal is single.
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ACTIVE MATRIX TYPE LIQUID-CRYSTAL
DISPLAY UNIT AND METHOD OF DRIVING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an active matrix
type liquid-crystal display unit which is so intended as to
suppress a fluctuation in potential of a signal (data), thereby
reducing a power consumption. Also, the present invention
relates to a display method for an active matrix type liquid-
crystal display unit using an in-plane switching mode which
is also called “IPS”.

[0003]

[0004] 1In a liquid-crystal display unit, the inversion of a
voltage applied to a liquid-crystal element has been
required. This operation is conducted to prevent the dete-
rioration of display such as after-image phenomenon
because the deterioration of material such as liquid crystal or
orientation film, or parasitic charges by impurities are
caused in case of applying an electric field having a single
polarity for a long time. This operation is called “a.c.
operation”, and one inversion has been required for one
frame (field) or several frames. For the operation, there have
existed a variety of systems such as the inversion of a frame
(field inversion) in which an entire display screen of one
frame has the same polarity (FIG. 11A), a line inversion in
which the polarity for one line is the same line but the
polarity for a line is different from that for adjacent lines
(FIGS. 11B and 11C), a dot inversion in which all pixels
adjacent to each other are different in polarity from each
other (FIG. 11D), and so on.

[0005] Up to now, in order to conduct the above inversion,
a signal for inverting the polarity has been supplied to pixels
from a data driver (signal driver). FIG. 8 shows a unit pixel
for a conventional active matrix type liquid-crystal display
unit in which a thin-film transistor (T) is controlled by a
signal from a scanning line Xn, and a signal from a data line
(Pm) is sent to a liquid-crystal element (LC), and an auxil-
iary capacity (C) which is disposed in parallel with the
liquid-crystal element if required so that charges are stored
in an on-state (FIG. 8).

[0006] A drive signal for a display unit in which the unit
pixels of the above type are disposed in the form of a matrix
is shown in FIG. 9. In the figure, CLK is a clock signal
(synchronous signal) which represents a minimum time for
the display unit. A signal is produced in accordance with
CLK. Pulses are sequentially applied to scanning lines (X,
X,, X5, . . . Xy.1, Xy) as shown in the figure. Data
corresponding to image signals for each line are applied to
a data line P,. This shows an example of the field inversion
(FIG. 11A). For comparison, image information is set to be
always identical with each other. In other words, 2nd-field
data is to invert 1st-field data with respect to an earth level.
The same is applied to 2nd-field data and 3rd-field data. An
example of data of the line inversion (FIG. 11C) is shown
in FIG. 10. Comparing data corresponding to each line, the
1st field is inverse in polarity to the 2nd field.

[0007] The conventional liquid-crystal display unit con-
ducts display by applying a voltage vertical to substrates
between the substrates, whereas the above display unit

2. Description of the Related Art
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conducts display by applying a voltage parallel to a substrate
plane within a substrate. The drive system of this type is
called “in-plane switching (IPS)”. The fundamental concept
in the case where the above system is applied to the active
matrix type liquid-display unit using a thin-film transistor as
a switching element is disclosed in Japanese Patent Exam-
ined Publication No. Sho 63-21907.

[0008] In addition, the application of the above system is
also disclosed in Japanese Unexamined Patent Publication
No. Hei 7-43744, Japanese Unexamined Patent Publication
No. Hei 7-43716, Japanese Unexamined Patent Publication
No. Hei 7-36058, Japanese Unexamined Patent Publication
No. Hei 6-160878, Japanese Unexamined Patent Publication
No. Hei 6-202073, Japanese Unexamined Patent Publication
No. Hei 7-134301, and Japanese Unexamined Patent Pub-
lication No. Hei 6-214244. Further, the application of the
above system to a simple matrix type liquid-crystal display
unit is disclosed in Japanese Unexamined Patent Publication
No. Hei 7-72491, and the application of the above system to
an active matrix type liquid-crystal display unit having a
thin-film diode as a switching element is disclosed in
Japanese Unexamined Patent Publication No. Hei 7-120791.

[0009] The principle of the IPS system disclosed in the
above publications will be described in brief with reference
to FIG. 6 and FIG. 7. FIG. 6 shows a unit pixel for the
active matrix type liquid-crystal display unit using the IPS
system. As in the normal active matrix type liquid-crystal
display unit, a plurality of data lines 1 and a plurality of
scanning lines 2 are disposed in the form of a matrix. In
addition, a plurality of earth lines 3 (earth line or opposite
electrode line) are disposed. In the conventional display unit,
because electrodes for an opposite substrate are disposed, no
carth lines 3 are required. On the other hand, since there are
disposed no electrodes for the opposite substrate in the IPS
system, there is required the provision of wiring having the
same function as that of such electrodes for the opposite
substrate.

[0010] The earth lines 3 are normally held constant in
potential. Also, because the earth lines 3 are formed together
with the scanning lines 2, the former does not intersect with
the latter, that is, a parallel structure is provided. This is
because a part of the earth lines 3 is partially overlapped to
a part of pixel electrodes 4 which are formed together with
the data lines 1 in such a manner that auxiliary capacities (C)
are formed. In other words, the scanning lines 2 and the earth
lines 3 are formed simultaneously, and the data lines 1 and
the pixel electrodes 4 are formed simultaneously. TFTs §
each having a part of the scanning line 2 as a gate electrode
are formed as shown in the figure. A source of each TFT §
is in contact with the date line 1, and a drain thereof is in
contact with the pixel electrode 4 (FIG. 6).

[0011] With such a structure that the earth lines 3 are
disposed to be opposite to the pixel electrode 4, an electric
field is developed between the pixel electrode 4 and the earth
line 3 as indicated by arrows. Liquid-crystal molecules are,
as indicated by a in FIG. 7, initially oriented with a given
angle, for example, 45° with respect to an intended electric
field. Then, upon the application of an electric field, the
liquid-crystal molecules are intended to be in parallel to the
electric field, as indicated by b in FIG. 7. Well using the
inclination of the liquid-crystal molecules, variable density
can be expressed. The above is the principle of the IPS
system (FIG. 7).
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[0012] As described above, the conventional active matrix
type liquid-crystal display unit requires that data having
variation twice as much as the variation of a signal required
by only image information is produced by a driver. In other
words, although there is merely required that an effective
voltage of 5 V is applied to liquid crystal, a drive capability
in a range of 10V which is from +5V to -5V has been
required because of the necessity of inversion. This leads to
the largest obstruction to a reduction of the drive voltage of
the driver and a reduction of power consumption.

[0013] Likewise, the above display unit suffers from such
problems as the destroy of a transistor and the deterioration
of characteristics, which are caused by applying an exces-
sive voltage to the active matrix circuit.

SUMMARY OF THE INVENTION

[0014] The present invention has been made to solve the
above problems with the conventional display unit, and
therefore an object of the present invention is to provide the
structure of a liquid-crystal display unit that conducts nec-
essary inversion while making the variation of data mini-
mum as required, and a method of driving the display unit.

[0015] Also, the conventional IPS system is so designed
that the orientation of liquid crystal is in parallel to a
substrate with the feature that an angle of visibility is wider
than that in the conventional liquid-crystal display unit.
However, the above prior art does not particularly pay an
attention to the reduction in a load of the data driver, and
data is identical to that of the conventional system.

[0016] Another object of the present invention is to invert
an electric field applied to liquid-crystal molecules without
inversion of polarity for data, using the feature of the IPS
system that a voltage is mainly applied within the same
plane.

[0017] In order to solve the above problem, according to
a first aspect of the present invention, there is provided an
active matrix type liquid-crystal display unit, comprising:

[0018] a pair of first and second electrodes holding
liquid crystal therebetween;

[0019] polarity control means including a circuit
which is connected to said first and second elec-
trodes, alternately supplies an image write signal to
any one of said first and second electrodes in a
predetermined period, and sets the other electrode to
a reference potential, to conduct display according to
the image signal of a single polarity.

[0020] Also, in order to solve the above problem, accord-
ing to a second aspect of the present invention, there is
provided an in-plane switching type active matrix type
liquid-crystal display unit, comprising:

[0021] first and second scanning lines that do not
intersect with each other;

[0022] a date line that intersects with said first and
second scanning lines;

[0023] an earth line that intersects with said first and
second scanning lines but does not intersect with said
data line;
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[0024] a pair of first and second electrodes that hold
liquid crystal therebetween; and

[0025] first to fourth switching circuits, in which said
first and second electrodes and said first to fourth
switching circuits are disposed in a region sur-
rounded by said first and second scanning lines, said
data line and said earth line, and are disposed on the
same substrate;

[0026] wherein said first to fourth switching circuits
include a circuit having at least one transistor con-
nected in series, respectively;

[0027] wherein in transistors connected in series in
said first switching circuit, a source of a first tran-
sistor is connected to said data line, gates of all the
transistors are connected to said first scanning line;

[0028] wherein in transistors connected In series in
said second switching circuit, a source of a first
transistor is connected to said earth line, gates of all
the transistors are connected to said second scanning
line;

[0029] wherein in said first and second switching
circuits, drains of final transistors are connected to
said first electrode, respectively;

[0030] wherein in transistors connected In series in
said third switching circuit, a source of a first tran-
sistor is connected to said data line, gates of all the
transistors are connected to said second scanning
line;

[0031] wherein in transistors connected In series in
said fourth switching circuit, a source of a first
transistor is connected to said earth line, gates of all
the transistors are connected to said first scanning
line; and

[0032] wherein in said third and fourth switching
circuits, drains of final transistors are connected to
said second electrode, respectively.

[0033] Further, in order to solve the above problem,
according to a third aspect of the present invention, there is
provided a method of driving the in-plane switching type
active matrix type liquid-crystal display unit mentioned in
said second aspect of the present invention, characterized in
that pulses are not supplied to said first and second scanning
lines simultaneously.

[0034] Still further, in order to solve the above problem,
according to a fourth aspect of the present invention, there
is provided a method of driving the in-plane switching type
active matrix type liquid-crystal display unit mentioned in
said second aspect of the present invention, characterized in
that a potential level of a signal inputted to said data line is
always of a single polarity.

[0035] The above and other objects and features of the
present invention will be more apparent from the following
description taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIGS. 1A and 1B are diagrams showing a basic
structure of the present invention;
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[0037] FIGS.2A and 2B are diagrams showing the opera-
tional principle of a unit pixel having the structure of the
present invention,

[0038] FIG. 3 is a diagram showing the operation of an
embodiment (field inversion mode);

[0039] FIG. 4 is a diagram showing the operation of an
embodiment (line inversion mode);

[0040] FIGS. 5A to 5C are diagrams showing another
structure of the present invention,

[0041] FIG. 6 is a diagram showing a unit pixel of a
conventional IPS system,

[0042] FIG. 7 is a diagram showing the operational prin-
ciple of a conventional IPS system;

[0043] FIG. 8 is a diagram showing the structure of a unit
pixel of a conventional active matrix type liquid-crystal
display unit,

[0044] FIG. 9 is a diagram showing the operation of the
conventional active matrix type liquid-crystal display unit
(field inversion mode);

[0045] FIG. 10 is a diagram showing the operation of the
conventional active matrix type liquid-crystal display unit
(line inversion mode); and

[0046] FIGS. 11A to 11D are diagrams showing the
concept of field inversion (frame inversion), line inversion
and dot inversion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0047] Now, a description will be given in more detail of
preferred embodiments of the present invention with refer-
ence to the accompanying drawings.

[0048] Hereinafter, an embodiment of the present inven-
tion will be described with reference to FIG. 1.

[0049] The circuit structure of a unit pixel (n-th row, m-th
column) in a liquid-crystal display unit in accordance with
the present invention is shown in FIG. 1A. In the structure
shown in FIG. 1A, first to fourth switching circuits SW1 to
SW4 are made up of a single transistor (T, to T,) respec-
tively.

[0050] As in the conventional IPS system, a data line P,
as well as an earth line Z_, is disposed, but differently from
the conventional IPS system, the earth line is so designed as
not to intersect with the data line. This is because in the
present invention, the earth line is required to be connected
to a drain of another transistor. It should be noted that in the
present invention, the source and the drain of the transistor
can be entirely arbitrarily defined. Therefore, one can be
appropriately defined as a source (or a drain), and in this
case, the other is defined as a drain (or source). They are not
distinct from each other depending on the level of a potential
as usually defined.

[0051] In the present invention, two scanning lines are
disposed for each line, which are different from the conven-
tional IPS system. The sources of transistors T, and T, are
in contact with the data line P_. Transistors T, and Tj
connected to the data line P, are called “input transistors”.
The gates of the input transistors T, and T, are connected to
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different scanning lines, respectively, so that those transis-
tors are controlled independently. In other words, the tran-
sistor T, is controlled by the scanning line X, whereas the
transistor T, is controlled by the scanning line Y.

[0052] Further, the sources of the transistors T, and T, are
in contact with the same earth line Z . The transistors T, and
T, are called “exhaust transistors”. The drains of the tran-
sistors T, and T, are connected to each other whereas the
drains of the transistors T; and T, are connected to each
other, and a liquid-crystal element LC of the IPS system is
disposed between the drains. The liquid-crystal element LC
is made up of a pair of first electrodes that hold liquid crystal
therebetween, and the drain of the transistors T, and T, are
connected to one electrode of the liquid-crystal element LC
whereas the drain of the transistors T, and T, are connected
to the other electrode of the liquid-crystal element LC. It
should be noted that an auxiliary capacity C may be disposed
in parallel with the liquid-crystal element LC.

[0053] The gate of the transistor T, is connected to the
scanning line Y, and the gate of the transistor T, is con-
nected to the scanning line X so that the transistor T, is
controlled by the scanning line Y, and the transistor T, is
controlled by the scanning line X, (FIG. 1A).

[0054] As a result of having the above structure, the
transistors T; and T, are driven simultaneously, and the
transistors T, and T, are driven simultaneously.

[0055] The appearance of a matrix in which a large
number of unit elements with the above structure are
arranged is shown in FIG. 1B. X-scanning lines 11 (X;, X,,
Xy o Xy ps X)) Y-scanning lines 12 (Y, Yo, Y5, . .. Yoo oo
Yy), and data lines 13 (P;, P,, Py, . . . Pyq, Py) are
controlled by an X-scanning driver 14, a Y-scanning driver
15, and a data driver 16 (in the case of N-row and M-column
maltrix).

[0056] An earth line 17 may be structured to be fixed to a
given potential, for example, may be fixed to earth potential,
since no voltage is particularly applied thereto. In FIG. 1B,
the X-scanning driver 14 and a Y-scanning driver 15 are

written as separate parts, but may be integrated together
(FIG. 1B).

[0057] The operation of the unit pixel shown in FIG. 1
will be described with reference to FIG. 2. For simplifica-
tion of description, it is assumed that the data line P_, is held
constant in a given positive potential. Actually, a signal
corresponding to image information is applied to the data
line P_. On the other hand, it is assumed that the earth line
Z,, is held constant in negative potential. Let us consider a
state in which a pulse S, is applied to the scanning line X,..
In this case, the transistors T, and T, are turned on while
other transistors are held off. Therefore, the potential of the
liquid-crystal element (LC), as shown in FIG. 24, is posi-
tive in an electrode on the upper side of the figure (at the side
connected the transistor T,) and negative in an electrode on
the lower side (at the side connected to the transistor T5)

(FIG. 2A).

[0058] When the application of pulses S, from the scan-
ning line X stops, all the transistors T, to T, are turned off,
but charges stored in the liquid-crystal element LC is held.
Subsequently, let us consider a state in which a pulse is
applied to the scanning line Y. In this case, the transistors
T, and Ty are turned on while other transistors are held off.
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Therefore, the potential of the liquid-crystal element LC, as
shown in FIG. 2B, is negative in an electrode on the upper
side of the figure (at the side connected the transistor T,) and
positive in an electrode on the lower side (at the side
connected to the transistor T,) That is, the polarity is reverse
to the case of FIG. 2A (FIG. 2B).

[0059] As described above, even though the polarity of an
image signal applied to the data line P is single, the
orientation of an electric field applied the liquid-crystal
clement LC can be reversed, which is the feature of the
present invention. Hence, the variation of data potential can
be reduced to the half, which is a problem to be solved by
the present invention.

[0060] Tt should be noted that in the present invention,
there is no possibility that all the transistors are turned on by
applying pulses to the X-scanning line and the Y-scanning
line simultaneously.

[0061] Also, in the active matrix type display unit accord-
ing to the present invention, if the first scanning line and the
second scanning line are non-selected, all the switching
circuits are turned off, and the first and second electrodes are
disconnected from the data line and the earth line so that
charges held between the first and second electrodes can be
suppressed from being leaked.

[0062] This effect can be satisfactorily obtained even in
the case where the first to fourth switching circuits SW, to
SW,, are made up of a single transistor, respectively.

[0063] Furthermore, with such a structure that the first to
fourth switching circuits SW; to SW, are made up of a
plurality of thin-film transistors connected in series, because
a resistor is connected in series to the first or second
electrode, a leakage of charges held between the first or
second electrodes can be more suppressed.

[0064] FIGS. 5A to 5C show another embodiment of the
present invention. In the unit pixel shown in FIG. 1, the
switching circuits SW, to SW, are made up of a single
thin-film transistor. FIGS. 5A to 5C show that the switching
circuits SW; to SW, are made up of a plurality of thin-film
transistors connected in series.

[0065] In the present specification, a plurality of thin-film
transistors connected in series are so designed that all the
gates are connected to the same scanning line, and the
sources and the drains of the adjacent transistors are con-
nected to each other.

[0066] Further, another embodiment of the present inven-
tion will be described with reference to FIG. 1.

[0067] FIG. 1 shows an active matrix type liquid-crystal
display unit including a liquid-crystal element LC which is
made up of a pair of first and second electrodes holding
liquid crystal therebetween, polarity control means includ-
ing a circuit which is connected to the first and second
electrodes, alternately supplies an image write signal to any
one of the first and second electrodes in a predetermined
period of the scanning line (X, Y,), the transistors (T, to T,)
and the earth line (Z_,) and scts the other electrode to a
reference potential, to conduct display according to the
image signal of a single polarity.

[0068] FIG. 5A shows that the first and third switching
circuits SW,; and SW; are made up of three thin-film
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transistors (T4, Ty,, T;5) and three thin-film transistors (T,
T, T1,) being connected in series, respectively. Also, the
thin-film transistors Ty, and T,g correspond to the second
and fourth switching circuits SW,, and SW,.

[0069] FIG. 5B shows that the second and fourth switch-
ing circuits SW, and SW, are made up of three thin-film
transistor groups (T,2, T,3, T,4) and three thin-film tran-
sistor groups (T,6, T,7, T,8) being connected in series,
respectively. Also, the thin-film transistors T,1 and T,
correspond to the first and third switching circuits SW; and
SW..

[0070] FIG. 5C shows that the first and third switching
circuits SW, and SW, are made up of three thin-film
transistor groups (T31, T32, T33), (T37, T38, T39) being
connected in series, and further the second and fourth
switching circuits SW, and SW, are made up of three
thin-film transistor groups (T34, T35, T36), (T40, T41, T42)
being connected in series.

EXAMPLE 1

[0071] FIG. 3 shows an example in which field inversion
is conducted in an n-row matrix liquid-crystal display unit in
accordance with the present invention. As shown in the
figure, in a first field, pulses are sequentially applied to
X-scanning lines (X;, X,, X5, . . . X1, Xn) - However, no
pulses are applied to Y-scanning lines (Y1, Y,, Ys, - - Yt
Yy) at all. On the other hand, a signal of potential of earth
level (potential of the earth line) or higher is applied to the
date line (in this example, only P; is shown but other data
lines are also the same). In this case, a state shown in FIG.
2A is realized.

[0072] On the other hand, in a second field, conversely to
the first field, pulses are sequentially applied to Y-scanning
lines (Y;, Yo, Y3, . . . Y1, Yy) - However, no pulses are
applied to X-scanning lines (X, X,, X5, . .. Xy, Xpp) atall.
The data on the data line is the same as that of the first field.

[0073] In this case, a state shown in FIG. 2B is realized.
In other words, an electric field applied to the liquid-crystal
element LC are inverted between the first field and the
second field. The same is applied between the second and
third fields. In this embodiment, since any state of FIGS. 2A
and 2B are realized on all lines, field inversion is conducted

(FIG. 3).

EXAMPLE 2

[0074] FIG. 4 shows an example in which field inversion
is conducted in an n-row matrix liquid-crystal display unit in
accordance with the present invention. As shown in the
figure, in a first field, pulses are applied to only odd lines
such as X, X5, .. . X of X-scanning lines, and pulses are
applied to only even lines such as Y,, Y, (not shown), . . .
Y, , of Y-scanning lines, so that no pulses are applied to other
scanning lines. On the other hand, a signal of potential of
earth level (potential of the earth line) or higher is applied to
the date line (in this example, only P, is shown but other data
lines are also the same).

[0075] Inthiscase, a state shown in FIG. 2A is realized on
the odd lines (first, third, . . . n-th lines), and a state shown
in FIG. 2B is realized on the even lines (second,
fourth, . . . (N-1)th).
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[0076] On the other hand, in the second field, conversely
to the first field, pulses are applied to only odd lines such as
Y1, Ys, . .. Yy of Y-scanning lines, and pulses are applied
to only even lines such as X, X, . . . X, of X-scanning
lines, so that no pulses are applied to other scanning lines.
Data on data line is the same as that of the first field.

[0077] In this case, a state shown in FIG. 2B is realized on
the odd lines (first, third, . . . n-th lines), and a state shown
in FIG. 2A is realized on the even lines (second,
fourth, . . . (N-1)th). In other words, when an attention is paid
to a specific line, the orientation of an electric field applied
to a liquid-crystal element (LC) are inverted between the
first field and the second field. Also, in this embodiment,
since the orientation of an electric field applied to a liquid-
crystal element (LC) are inverted between the even lines and
the odd lines, line inversion is conducted (FIG. 4).

EXAMPLE 3

[0078] In the unit pixel shown in FIG. 1, the switching
circuits SW, to SW, are made up of a single thin-film
transistor T, to T, respectively. In this example, the switch-
ing circuits SW, to SW, are made up of a plurality of
thin-film transistors connected in series. FIGS. SA to 5C are
diagrams showing circuit structures of this example. The
symbols identical with those in FIG. 1 represent the same
member in FIGS. 5A to 5C. Also, in FIGS. 5A to 5C, the
symbols T, to T, denote a thin-film transistor group having
the same function as that of the thin-film transistor (T, to T,)
shown in FIG. 1.

[0079] FIG. 5A shows that the first and third switching
circuits SW, and SW; are made up of three thin-film
transistors (T11, T12, T13) and three thin-film transistors
(T15, T16, T17) which are connected in series, respectively.

[0080] Because the gates of three thin-film transistors
(T11, T12, T13) and three thin-film transistors (T15, T16,
T17) are connected to the same scanning line (Xn, Yn),
respectively, all the thin-film transistor groups (T11, T12,
T13) and (T15, T16, T17) are simultaneously turned on/off.
Accordingly, a timing at which the switching circuit shown
in FIG. 5A is driven is the same as the circuit shown in FIG.

1.

[0081] Because the gates of the thin-film transistor groups
(T11, T12, T13) and (T15, T16, T17) are connected to the
same scanning line X, Y, respectively, the driving timing
is the same as that of the input transistors T1 and T3 shown
in FIG. 1.

[0082] InFIG. 5A, because the thin-film transistor groups
(T11, T12, T13) and (T15, T16, T17) being connected to the
data line P_, are made up of the thin-film transistors of the
same number, that is, because the switching circuits having
the same function are made up of the thin-film transistors of
the same number, even though the orientation of an electric
field of a liquid-crystal element LC is varied, display can be
conducted with the same characteristic even in any state of
electric fields.

[0083] FIG. 5B shows that the second and fourth switch-
ing circuits SW, and SW, are made up of three thin-film
transistor group (T,2, T,3, T,4) and three thin-film transistor
group (T,6, T,7, T,8) being connected in series, respec-
tively. Also, the thin-film transistor T,1 and T,5 correspond
to the first and third switching circuits SW, and SW.
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[0084] Because the gates of thin-film transistors (T,2, T»3,
T,4) and thin-film transistors (T,6, T,7, T,8)are connected
to the same scanning line (Xn, Yn), respectively, the driving
timing is the same as that of the exhaust transistors T, | .4 4
shown in FIG. 1.

[0085] InFIG. 5B, because the thin-film-transistor groups
(T,2, T,3, T,4) and (T,6, T,7, T,8) being connected to the
carth line Z_ are made up of the thin-film transistors of the
same number, that is, because the switching circuits having
the same function are made up of the thin-film transistors of
the same number, even though the orientation of an electric
field of a liquid-crystal element L.C is varied, display can be
conducted with the same characteristic even in any state of
electric fields.

[0086] FIG. 5C shows that the first and third switching
circuits SW, and SW, are made up of three thin-film
transistor group (T31, T32, T33) and three thin-film tran-
sistor group (T37, T38, T39) being connected in series,
respectively, and the second and fourth switching circuits
SW and SW,, are made up of three thin-film transistor group
(T34, T35, T36) and three thin-film transistor group (T40,
T41, T42) being connected in series, respectively.

[0087] In addition, in FIG. 5C, all the switching circuits
are made up of the thin-film transistor of the same number,
respectively.

[0088] Hence, the characteristics of the switching circuits
connected with the liquid-crystal display LC can be made
more uniform.

[0089] As was described above, according to the present
invention, the orientation of an electric field applied to a
liquid-crystal element can be inverted without inversion of
the polarity of data. As a result, the drive voltage for a data
driver can be reduced to half of the drive voltage required for
the conventional display unit, and the active matrix type
liquid-crystal display unit of the present invention is effec-
tive in a reduction of power consumption. Further, the
effects obtained by application of the present invention also
appear in a drive circuit for a scanning driver or a transistor
used for an active matrix.

[0090] For example, in the active matrix circuit (refer to
FIG. 8) using the conventional drive system, because the
potential of an electrode of an opposite substrate for a pixel
is held constant, for example, if the potential of an electrode
of the opposite substrate is set to 0 V, and data for image
display is within 5V, then the potential of data outputted
from a data driver has varied with the potential difference of
10V which is from +5V to =5V. In other words, the potential
difference between the source and the drain of the transistor
has become 10V at the maximum.

[0091] Asaresult,in order to stably make the transistor off
at the non-selection time, the potential of the gate electrode
of the transistor has been required to be set to =5V or less
(hereinafter, a description is applied to only NMOS; in case
of PMOS, the potential is +5V or more), preferably to -7V
or less, normally to about -8V.

[0092] Also, in order to surely make the transistor in an
on-state at the selection time, the potential of the gate
electrode has been required to be set to a value obtained by
adding a threshold value voltage Vth to +5V, that is, +(Vth+
5) or more, preferably, +(Vth+7) or more, normally about
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+8V. For that reason, the maximum potential difference
between the source and the drain of the transistor becomes
10V, and the maximum potential difference between the gate
and the source of the transistor (between the gate and the
drain) becomes 13V, from which it is found that a stress very
higher than a voltage required from image information is
applied to the transistor. Hence, a transistor used for an
active matrix is required to be a high withstand voltage
transistor.

[0093] Likewise, the potential outputted from the driver is
+8 V, that is, the potential difference is 16 V, thus requiring
an abnormally high voltage. The output voltage of the data
driver is similarly 10 V.

[0094] However, when the present invention is applied,
even in the case of using the same transistor and conducting
the same display, the potential of data is from 0 Vto +5 V,
that is, the potential difference is 5V. Accordingly, in this
situation, in order to stably make the transistor off at the
non-selection time, the potential of the gate electrode of the
transistor is set to 0 V or less, preferably -2 V or less,
normally about -3 V. In order to surely make the transistor
in the on-state at the selection time, the potential of the gate
electrode is set to a value obtained by adding a threshold
value voltage Vth to +5V, that is, +(Vth+5) or more, pref-
erably, +(Vth+7) or more, normally about +8V.

[0095] 1In other words, in the transistor of the active matrix
circuit according to the present invention, the maximum
potential difference between the source and the drain is 5 'V,
and the maximum potential difference between the gate and
the source (between the gate and the drain) is 8 V. Thus, the
potential difference can be reduced from the potential dif-
ference 13 V of the conventional example. It may be taken
that a decrease of the potential difference being 5 V does not
provide so large effects.

[0096] However, the decrease of the potential difference
enables a load applied to the transistor to be sufficiently
reduced. In other words, it provides a remarkable effect in an
improvement of the yield of the transistor. According to the
inventors’ experience, in the case of using silicon oxide
1200 A in thickness as a gate insulation film, there are very
little elements which are destroyed in a stage where a
voltage between the gate and the source is up to 10 V.
However, in the case where it is 10 V or higher, the number
of destroyed elements is exponentially increased every time
the voltage increases by 1 V. Hence, the fact that the voltage
between the gate and the source is 10 V or less has a very
significance from the industrial viewpoint.

[0097] Similarly, the potential difference outputted from
the scanning driver is 11 V, which is lower than 16 V
obtained by the conventional example, therey being capable
of reducing the load applied to the scanning driver. In this
way, the present invention can reduce the power consump-
tion of not only the data driver but also the scanning driver,
thereby being capable of reducing the load of the transistor
used in the active matrix circuit. Particularly, regarding the
latter, even a transistor which is lowered in quality to some
degree can be sufficiently operated.

[0098] Further, the fact that the output voltage of the
scanning driver and the data driver can be reduced means
that even the load of the transistors used in those circuits can
be reduced. This is effective specially in a so-called mono-
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lithic type active matrix circuit in which the scanning driver
and the data driver are integrally assembled with the same
substrate as that of the active matrix circuit. This is because
in a circuit used in the monolithic type active matrix circuit,
a thin-film transistor is generally used as in the active matrix
circuit, which suffers from a difficulty in withstand voltage.

[0099] Tt should be noted that in the above embodiments,
the transistor of the n-type (NMOS) was described as an
example, however, it is needless to say that even the
transistor of the p-type (PMOS) can be driven likewise.
Also, the structure of the invention can be applied even to a
mode such as a conventional TN. As described above, the
present invention has a variety of effects for the active
matrix type liquid-crystal display unit, and is useful from the
industrial viewpoint.

[0100] The foregoing description of a preferred embodi-
ment of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaus-
tive or to limit the invention to the precise form disclosed,
and modifications and variations are possible in light of the
above teachings or may be acquired from practice of the
invention. The embodiment was chosen and described in
order to explain the principles of the invention and its
practical application to enable one skilled in the art to utilize
the invention in various embodiments and with various
modifications as are suited to the particular use contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto, and their equiva-
lents.

What is claimed is:
1. A display device comprising:

a pair of substrates;
a liquid crystal provided between said substrates;

a pixel having a pair of first and second electrodes holding
said liquid crystal therebetween,

a first thin film transistor provided in said pixel and
connected to said first electrode at one of source region
and drain region thereof;

a second thin film transistor provided in said pixel and
connected to said second electrode at one of source
region and drain region thereof;

an image write signal line connected to the other of the
source region and the drain region of said first thin film
transistor;

a reference potential line connected to the other of the
source region and the drain region of said second thin
film transistor;

a gate line connected to a gate electrod e of said first thin
film transistor and connected to a gate electrode of said
second thin film transistor,

wherein a voltage having single polarity is applied
between said first and second electrodes by applying an
image write signal to said first electrode and setting
said second electrode to a reference potential, and

wherein said first and second electrodes are provided over
one of said substrates to effect the application of said
voltage in a in-plane switching mode.
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2. A display device comprising;

a pair of substrates;

a scanning driver provided over one of said substrates;
a data driver provided over said one of said substrates;
a liquid crystal provided between said substrates;

a pixel having a pair of first and second electrodes holding
said liquid crystal therebetween,

a first thin film transistor provided in said pixel and
connected to said first electrode at one of source region
and drain region thereof;

a second thin film transistor provided in said pixel and
connected to said second electrode at one of source
region and drain region thereof;

an image write signal line connected to the other of the
source region and the drain region of said first thin film
transistor;

a reference potential line connected to the other of the
source region and the drain region of said second thin
film transistor;

a gate line connected 1o a gate electrode of said first thin
film transistor and connected to a gate electrode of said
second thin film transistor,

wherein a voltage having single polarity is applied
between said first and second electrodes by applying an
image write signal to said first electrode and setting
said second electrode to a reference potential, and

wherein said first and second electrodes are provided over
said one of said substrates to effect the application of
said voltage in a in-plane switching mode.

3. A display device comprising;

a pair of substrates;
a liquid crystal provided between said substrates;

a pixel having a pair of first and second electrodes holding
said liquid crystal therebetween,

a first thin film transistor provided in said pixel and
connected to said first electrode at one of source region
and drain region thereof;

a second thin film transistor provided in said pixel and
connected to said second electrode at one of source
region and drain region thereof;

an image write signal line connected to the other of the
source region and the drain region of said first thin film
transistor;

a reference potential line connected to the other of the
source region and the drain region of said second thin
film transistor;

a gate line connected to a gate electrode of said first thin
film transistor and connected to a gate electrode of said
second thin film transistor,

wherein a voltage having single polarity is applied
between said first and second electrodes by applying an
image write signal to said first electrode and setting
said second electrode to a reference potential,
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wherein said first and second electrodes are provided over
one of said substrates to effect the application of said
voltage in a in-plane switching mode, and

wherein a potential level of said image write signal is
always of a single polarity.
4. A display device comprising;

a pair of substrates;

a scanning driver provided over one of said substrates;
a data driver provided over said one of said substrates;
a liquid crystal provided between said substrates;

a pixel having a pair of first and second electrodes holding
said liquid crystal therebetween,

a first thin film transistor provided in said pixel and
connected to said first electrode at one of source region
and drain region thereof;

a second thin film transistor provided in said pixel and
connected to said second electrode at one of source
region and drain region thereof;

an image write signal line connected to the other of the
source region and the drain region of said first thin film
transistor;

a reference potential line connected to the other of the
source region and the drain region of said second thin
film transistor;

a gate line connected to a gate electrode of said first thin
film transistor and connected to a gate electrode of said
second thin film transistor,

wherein a voltage having single polarity is applied
between said first and second electrodes by applying an
image write signal to said first electrode and setting
said second electrode to a reference potential,

wherein said first and second electrodes are provided over
said one of said substrates to effect the application of
said voltage in a in-plane switching mode, and

wherein a potential level of said image write signal is

always of a single polarity.

5. A device according to claim 2 wherein said data driver
is connected with said image write signal line.

6. A device according to claim 2 wherein said scanning
driver is connected with said gate line.

7. A device according to claim 4 wherein said data driver
is connected with said image write signal line.

8. A device according to claim 4 wherein said scanning
driver is connected with said gate line.

9. A device according to claim 2 wherein said scanning
driver and said data driver are provided over said one of said
substrates monolithically with said first and second thin film
transistors.

10. A device according to claim 4 wherein said scanning
driver and said data driver are provided over said one of said
substrates monolithically with said first and second thin film
transistors.

11. A device according to claim 1 wherein said first and
second thin film transistors are n-type thin film transistors.

12. A device according to claim 1 wherein said first and
second thin film transistors are p-type thin film transistors.
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13. A device according to claim 2 wherein said first and
second thin film transistors are n-type thin film transistors.

14. A device according to claim 2 wherein said first and
second thin film transistors are p-type thin film transistors.

15. A device according to claim 3 wherein said first and
second thin film transistors are n-type thin film transistors.

16. A device according to claim 3 wherein said first and
second thin film transistors are p-type thin film transistors.

17. A device according to claim 4 wherein said first and
second thin film transistors are n-type thin film transistors.
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18. A device according to claim 4 wherein said first and
second thin film transistors are p-type thin film transistors.

19. A device according to claim 1 wherein said liquid
crystal comprises a TN liquid crystal.

20. A device according to claim 2 wherein said liquid
crystal comprises a TN liquid crystal.

21. A device according to claim 3 wherein said liquid
crystal comprises a TN liquid crystal.

22. A device according to claim 4 wherein said liquid
crystal comprises a TN liquid crystal.
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